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METHANE ACCUMULATIONS IN COAL MINE ROOF CAVITIES 
b y  
Robert  P. Vinson,  Edward D. ~ h i r n o n s , '  and Fred  N. K i sse l13  
ABSTRACT 
The Bureau of Mines i n v e s t i g a t e d  t h e  presence  and e x t e n t  of methane accu-  
mula t ions  i n  mine roof  c a v i t i e s  us ing  a  f u l l - s c a l e  mine model. Methane was 
r e l e a s e d  a t  a  c o n s t a n t  r a t e  i n t o  t h e  roof  of a  c a v i t y  b u i l t  on to  a 7 0 0 - f t  wind 
t u n n e l .  Two box-shaped roof  c a v i t i e s  were used i n  t he  s t u d y :  one had a  v o l -  
ume of 114 .7  cu  f t ;  and t h e  o t h e r  had a volume of 5 7 . 3  cu f t .  Methane con-  
c e n t r a t i o n  w a s  measured a t  2 8  sampling p o i n t s  i n  t h e  c a v i t i e s  us ing  21 
d i f f e r e n t  combinat ions of gas  emiss ion  r a t e s  and a i r  v e l o c i t i e s .  B r a t t i c e  
hung i n  t h e  c a v i t y  helped reduce methane c o n c e n t r a t i o n s  wi thout  a u x i l i a r y  
v e n t i l a t i o n .  I t  was a l s o  found t h a t  t h e  e f f e c t i v e  v e n t i l a t i o n  r a t e  i nc r ea sed  
by a  f a c t o r  of 40 i n  t h e  l a r g e  c a v i t y  and by a  f a c t o r  o f  20 i n  t h e  small 
c a v i t y  when a i r  v e l o c i t y  was i nc r ea sed  from 100 t o  600 fpm. 
INTRODUCTION 
Any l o c a t i o n  i n  a  c o a l  mine where 5 p c t  o r  more of methane i s  p r e s e n t  
c o n s t i t u t e s  a  p o t e n t i a l  s i t e  f o r  an  exp los ion  and roo f  c a v i t i e s  a r e  l i k e l y  
l o c a t i o n s .  Unfo r tuna t e ly ,  l i t t l e  i s  known about t h e  bu i l dup  of methane i n  
roo f  c a v i t i e s .  Some r e s e a r c h  has been done us ing  s c a l e  models where no a i r  
f lows p a s t  t h e  c a v i t y  so t h a t  methane d i s p e r s e s  on ly  by d i f f u s i o n  (5),' a  r a r e  
s i t u a t i o n  i n  mines. 
No known cavi ty-model  i n v e s t i g a t i o n s  have been made t h a t  s i m u l a t e  a i r  and 
methane f low c o n d i t i o n s  normally encountered underground. These Bureau of  
Mines s t u d i e s  were under taken  t o  determine t h e  e x t e n t  and manner of methane 
bu i ldups  i n  c o a l  mine roof  c a v i t i e s  w i th  a i r  v e l o c i t i e s  i n  t h e  range  normally 
found i n  c o a l  mines and w i th  v a r i o u s  methane emiss ion  r a t e s .  
l p h y s i c i s t  . 
" ~ u ~ e r v i s o r ~  p h y s i c i s t .  
" p h y s i c a l  r e s e a r c h  s c i e n t i s t .  
A l l  a u t h o r s  a r e  w i t h  t h e  P i t t s b u r g h  Mining and S a f e t y  Research Center ,  Bureau 
of Mines, P i t t s b u r g h ,  Pa .  
4Underl ined numbers i n  pa ren these s  r e f e r  t o  i tems i n  t he  l i s t  of r e f e r e n c e s  a t  
t he  end o f  t h i s  r e p o r t .  
TEST FACILITIES 
S t u d i e s  were  c o n d u c t e d  a t  t h e  Mining Enforcement  and S a f e t y  A d m i n i s t r a -  
t i o n  (MESA) T e c h n i c a l  S u p p o r t  wind t u n n e l  a t  B r u c e t o n ,  P a .  The t u n n e l  i s  
700 f t  l o n g ,  8  f t  w ide ,  and 5 f t  h i g h .  A r o o f  c a v i t y  was s i m u l a t e d  by a  
wooden, box-shaped s t r u c t u r e  b u i l t  o n t o  t h e  t o p  o f  t h e  t u n n e l .  I n i t i a l l y ,  
t h i s  box was 8  f t  w i d e ,  4 f t  l o n g ,  and 4 f t  h i g h  ( f i g .  1 ) .  The t o p  5 i n c h e s  
o f  t h e  box  was used  a s  a  g a s  chamber i n t o  which g a s  was f e d  t h r o u g h  e i g h t  
e q u a l l y  spaced  g a s - d i s p e r s i n g  p i p e s .  A 4 -  by 8 - f t  s e c t i o n  o f  pegboard s e p a -  
r a t e d  t h i s  g a s  chamber f rom t h e  c a v i t y .  F i f t e e n  e q u a l l y  spaced  1 / 1 6 - i n -  
d i a m e t e r  h o l e s  were  k e p t  open  i n  t h e  pegboard ;  t h e  r e m a i n d e r  were  s e a l e d  s h u t .  
T h i s  a r rangement  a l l o w e d  g a s  t o  d i s p e r s e  e v e n l y  t h r o u g h  t h e  r o o f  of  t h e  
c a v i t y .  Gas i s s u i n g  f rom t h e s e  h o l e s  i n t o  t h e  c a v i t y  was d e f l e c t e d  90' b y  
s m a l l  b a f f l e s  p l a c e d  d i r e c t l y  i n  f r o n t  of  t h e  h o l e s  t o  p r e v e n t  g a s  j e t s  f rom 
d i s t u r b i n g  t h e  e s t a b l i s h e d  a i r  c u r r e n t  i n  t h e  c a v i t y  ( f i g .  2 ) .  
I Tunnel 
+-- A i r f l o w  
FIGURE 1, - Roof cavity,  
Not  t o  
sca le  
FIGURE 2 ,  - A i r f l ow  in cavi ty .  
windows i n  ca se  o f  an exp los ion .  Gas flows i n t o  t h e  c a v i t y  from 2 t o  8 cfm 
were measured w i t h  a  r o t a m e t e r .  Gas flows l e s s  t han  2 cfm were measured w i t h  
a  wet - t e s t  me te r .  Ai r f low through t h e  t u n n e l  was a d j u s t e d  by a  r e g u l a t o r  near  
t h e  exhaus t  f a n .  Tunnel a i r  v e l o c i t y  was determined from anemometer 
t r a v e r s e s .  
Gas c o n c e n t r a t i o n s  i n  t h e  c a v i t y  were measured w i t h  two f i v e - p o i n t  p robes ,  
each c o n s t r u c t e d  of f i v e  l eng ths  of  1 /4 - inch  copper  t ub ing .  An a i r  pump 
p u l l e d  gas  samples from t h e  ga s  chamber and c a v i t y  i n t o  t h e  probes ,  th rough 
1 /4 - inch  p l a s t i c  t ub ing ,  and i n t o  a n  i n f r a r e d  a n a l y z e r .  Two ana lyze r s  were 
used t o  measure methane: one i n  t he  z e r o -  t o  2-pct  range;  and t h e  o t h e r  i n  
t h e  ze ro -  t o  100-pct r ange .  The p o i n t  i n  t h e  c a v i t y  t o  be sampled and t h e  
ana lyze r  t o  be used were determined by opening and c l o s i n g  t h e  a p p r o p r i a t e  
v a l v e s .  
EXPERIMENTAL PROCEDURE 
The t e s t  procedure c o n s i s t e d  o f  e s t a b l i s h i n g  t h e  a i r  v e l o c i t y  through t h e  
t u n n e l  a t  100, 300, o r  600 fpm. Gas was t h e n  r e l e a s e d  i n t o  t h e  gas chamber a t  
a  c o n t r o l l e d  c o n s t a n t  r a t e .  While gas  was r e l e a s e d ,  a i r  samples were t a k e n  
through t h e  probe permanently p laced  i n  t h e  c e n t e r  of t he  c a v i t y .  Gas 
measurements were t a k e n  a t  f i v e  l e v e l s :  one i n  t h e  ga s  chamber and f o u r  i n  
t h e  c a v i t y  a t  e q u i d i s t a n t  d e p t h s .  Gas samples were t a k e n  from t h e s e  f i v e  
p o i n t s  p e r i o d i c a l l y  t o  de te rmine  when t h e  methane-a i r  mix ture  i n  t h e  c a v i t y  
reached  s t e a d y - s t a t e c o n d i t i o n s .  Once s t e a d y  s t a t e  was r eached ,  t h e  second 
probe  was p o s i t i o n e d  a t  one o f  s i x  o t h e r  sampling l o c a t i o n s  ( f i g .  3 ) .  This  
p robe  a l s o  t ook  a  sample from t h e  ga s  chamber and a t  f o u r  dep th s  i n  t h e  
c a v i t y .  With seven sampling l o c a t i o n s  and f o u r  sampling dep th s  i n  t h e  c a v i t y ,  
28 g a s  measurements were made i n  t h e  c a v i t y  f o r  each ga s  emi s s ion  and a i r f l o w  
combina t ion .  A wide r ange  of  methane c o n c e n t r a t i o n s  i n  t h e  c a v i t i e s  was 
o b t a i n e d  by v a r y i n g  t h e  CH4 f low r a t e s .  Smoke was used t o  observe  a i r f l o w  
p a t t e r n s  i n  t h e  c a v i t y  ( f i g .  2 ) .  
Top view of  cav i t i es  
FIGURE 3. - Sampling p c b e  locations a n d  
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RESULTS AND DISCUSS ION 
The o b j e c t i v e  c f  t h i s  s t u d y  was 
c a v i t i e s  and t o  observe  t h e  e f f e c t  of 
emiss ion  on t h e s e  accumulat ions by  v a  
c o n c e n t r a t i o n s  were sampled a t  f ou r  d  
t o  measure methane accumula t ions  i n  roof  
c a v i t y  s i z e ,  a i r  v e l o c i t y ,  and methane 
. r y ing  t h e s e  t h r e e  pa rame te r s .  Methane 
ep th s  i n  bo th  c a v i t i e s  and a t  seven 
100 I 
300fpm, 114.7- cu-f t  cavity 
- - 
D I S T A N C E  UP INTO CAVITY, in D I S T A N C E  UP INTO CAVITY,  in 
FIGURE 4, - Methane concentrat ions in  FIGURE 5, - Methane concentrat ions in 
114.7-cu-ft cav i t y  at 100- 11 4.7-cu-ft cav i t y  at 300- 
fprn a i r  ve loc i ty ,  f p m  a i r  ve loc i t y .  
I I 
600 fpm, 114.7-cu-ft cavity - 
- 
- 
- 
- 
- 
- 
- 
l o c a t i o n s  a t  e a c h  d e p t h  
( f i g .  3 ) .  An unweighted 
a r i t h m e t i c  mean o f  t h e  
c o n c e n t r a t i o n s  a t  e a c h  d e p t h  
was c a l c u l a t e d .  
The mean methane c o n -  
c e n t r a t i o n s  i n  t h e  1 1 4 . 7 -  
c u - f t  c a v i t y  and i n  t h e  
5 7 . 3 - c u - f t  c a v i t y  a r e  shown 
i n  f i g u r e s  4  t h r o u g h  6 and 
f i g u r e s  7  t h r o u g h  9 .  
S t e a d y - s t a t e  methane c o n -  
c e n t r a t i o n s  were  h i g h e r  i n  
t h e  l a r g e  c a v i t y  t h a n  i n  t h e  
s m a l l  c a v i t y  a t  a i r  v e l o c i -  
0 14 28 42 t i e s  o f  100 and 300 fpm. 
Th i s  i s  shown g r a p h i c a l l y  i n  
DISTANCE UP INTO CAVITY, in f i g u r e  10, which i s  a  t y p i -  
F IGURE 6. - Methane concentrations in  c a l  methane p r o f i l e  a s  
114.7-cu-ft cavity at 600- measured i n  b o t h  c a v i t i e s .  
fpm air velocity. F i g u r e  1 0  a l s o  shows t h e  
e f f e c t  o f  t h e  c i r c u l a r  a i r  
c u r r e n t  i n  t h e  c a v i t y .  T h i s  i s  s e e n  a t  t h e  bo t tom of  t h e  downstream s i d e  of  
t h e  c a v i t y  where  t h e  c o n c e n t r a t i o n  p r o f i l e  i s  b e n t  up ,  which  i n d i c a t e s  t h a t  
f r e s h  a i r  i s  e n t e r i n g  t h e  c a v i t y  i n  t h i s  a r e a .  T h i s  a g r e e s  w i t h  t h e  c i r c u l a r  
a i r  c u r r e n t  i n  f i g u r e  2 .  The e f f e c t  o f  t h e  c a v i t y  a i r  c u r r e n t  i s  much 
s t r o n g e r  i n  t h e  s h a l l o w  c a v i t y  b e c a u s e  t h e  c o n c e n t r a t i o n  p r o f i l e  i s  b e n t  up 
f rom t h e  b a s e  t o  t h e  r o o f  o f  t h e  c a v i t y  o n  t h e  downstream s i d e .  I n  t h e  l a r g e  
c a v i t y ,  however,  t h e  e f f e c t  o f  t h e  a i r  c u r r e n t  i s  n o t  a s  s t r o n g  b e c a u s e  o n l y  
t h e  b o t t o m  p o r t i o n  o f  t h e  p r o f i l e  i s  b e n t  u p .  The c o n c e n t r a t i o n  p r o f i l e  n e a r  
t h e  r o o f  on t h e  downstream s i d e  o f  t h e  l a r g e  c a v i t y  i s  a c t u a l l y  b e n t  down. 
T h i s  may be  t h e  r e s u l t  o f  e i t h e r  a  dead s p a c e  o f  no a i r f l o w  o r  a  s m a l l ,  
r e v e r s e ,  c i r c u l a r  a i r  c u r r e n t  induced  by t h e  main a i r f l o w  i n  t h e  c a v i t y .  
A t  a n  a i r  v e l o c i t y  o f  600 fpm, methane c o n c e n t r a t i o n s  i n  t h e  s m a l l  
c a v i t y  were  s l i g h t l y  h i g h e r ,  b u t  no s p e c i a l  s i g n i f i c a n c e  i s  a t t a c h e d  t o  t h i s  
l e s s  - t h a n - 1 - p c t  i n c r e a s e .  
100 I i 
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FIGURE 7, - Methane concentrations i n  
57.3-cu-ft cav i ty  at 100- 
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FIGURE 8. - Methane concentrations in  
57.3-cu-ft cav i ty  a t  300- 
fprn air  veloci ty.  
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D ISTANCE UP INTO CAVITY, in  
The low methane concentra t ions  i n  both c a v i t i e s  a t  600 fpm were due t o  
t h e  s t rong  c i r c u l a r  a i r  c u r r e n t  i n  the  c a v i t y  ( f i g .  2 ) ;  a  l e s s  pronounced 
c i r c u l a r  a i r  cu r ren t  a l s o  ex i s t ed  a t  100 and 300 fpm. 
The e f f e c t  of t h i s  c i r c u l a r  a i r  cu r ren t  i n  the  c a v i t y  i s  shown i n  f i g -  
u re  11, which i s  a  p l o t  of the  a i r  v e l o c i t y  and the  e f f e c t i v e  v e n t i l a t i o n  
r a t e .  The e f f e c t i v e  v e n t i l a t i o n  r a t e  i s  the  quot ient  of the methane flow 
divided by the  average methane concentra t ion  i n  the  cav i ty .  I n  the  114.7- 
c u - f t  c a v i t y ,  t h e  average e f f e c t i v e  v e n t i l a t i o n  r a t e  increased by a  f a c t o r  of 
40 when t h e  a i r  v e l o c i t y  was r a i s e d  from 100 t o  600 fpm. I n  the  57.3-cu-f t  
c a v i t y ,  t h e  average e f f e c t i v e  v e n t i l a t i o n  r a t e  increased by a  f a c t o r  of 20 
when the  a i r  v e l o c i t y  was r a i s e d  from 100 t o  600 fpm. 
Although the  methane concentra t ions  decreased s u b s t a n t i a l l y  a t  600 fpm, 
the  concentra t ions  i n  both c a v i t i e s  were above 5  pc t  when methane flows were 
4  and 8 cfm. 
Comparison of methane concentra t ions  measured a t  the  same a i r  v e l o c i t y  
and d i f f e r e n t  methane inpu t s  wi th  methane concentra t ions  measured a t  t h e  same 
methane input  and d i f f e r e n t  a i r  v e l o c i t i e s  shows t h a t  a i r  v e l o c i t y  i n  the  
tunnel  has more inf luence  on methane concentra t ion  than does methane inpu t .  
High a i r  v e l o c i t i e s  s u b s t a n t i a l l y  reduce t h e  p o s s i b i l i t y  of dangerous methane 
concentra t ions  i n  roof c a v i t i e s .  
< A  
Top view o f  c a v i t y  
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FIGURE 10; - Methane prof i les in  114.7- and 57.3-cu-ft 
cavities. 
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EFFECTIVE VENTILATION RATE, c f m  
FIGURE 11. - A i r  v e l o c i t y  ve rsus  e f f e c t i v e  v e n t i l a t i o n  rate. 
BRATTICE A I D  I N  VENTILATION CAVITIES  
When c a v i t i e s  occur  i n  main haulageways o r  main i n t a k e  a i rways  p r o v i s i o n s  
a r e  normal ly  made t o  v e n t i l a t e  them. Common p r a c t i c e  i s  t o  r u n  a  s e c t i o n  of 
v e n t i l a t i o n  t ub ing  from t h e  c a v i t y  r oo f  i n t o  a  r e t u r n  a i rway  t h a t  has  a  lower 
a i r  p r e s s u r e .  C a v i t i e s  i n  r e t u r n  a i rways  c a n  be kep t  f r e e  o f  methane by p l a c -  
i ng  a  b a f f l e  i n  t h e  c a v i t y ,  which f o r c e s  t h e  a i r  t o  sweep o u t  t h e  c a v i t y .  
A n  experiment  was conducted t o  de te rmine  i f  t h e  s imu la t ed  c a v i t i e s  cou ld  
be kep t  a t  nonflammable methane c o n c e n t r a t i o n s  by a  b r a t t i c e  s h e e t  hung t h e  
f u l l  w id th  o f  t he  c a v i t y  ( f i g .  1 2 ) .  Gas samples were t a k e n  from t h e  c e n t e r  
probe and compared w i t h  samples from t h e  same l o c a t i o n  b u t  w i thou t  t h e  
FIGURE A i r f l o w  w i t h  b r a t t i c e  hung i n  
c a v i t y .  
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b r a t t i c e  i n t h e  c a v i t y .  Both s e t s  o f  gas  sampl-es were t a k e n  w i t h  a  t u n n e l  a i r  
v e l o c i t y  of 300 fpm and a  ga s  i n p u t  of 4  cfm. The comparisons f o r  bo th  c a v i -  
t i e s  ( f i g s .  13-14) show n d rama t i c  r e d u c t i o n  i n  methanc c o n c e n t r a t i o n  w i t h  t h e  
u se  of b r a t t i c e .  
The volumes of ga s  a t  5 p c t  o r  g r e a t e r  c o n c e n t r a t i o n  were c a l c u l a t e d  by 
ga s  samples t aken  from t h e  c e n t e r  p robe .  IJhen t h e  b r a t t i c e  was hung i n  t h e  
smal-1 c a v i t y ,  t h i s  volume was reduced from 3 1 . 5  t o  7 . 2  c.u f t ;  when i t  was hung 
i n  t h e  l a r g e  c a v i t y ,  volume was reduced from 88 t o  18 c u  f t .  These c o n c e n t r a -  
t i o n s  might  have been reduced f u r t h e r  i f  t h e  b r a t t i c e  had been hung n e a r e r  t h e  
roof  of t h e  c a v i t y .  
L A Y E R I N G  NUMBER 
Whcn methane f lows i n t o  a  mine e n t r y  from t h e  r o o f ,  i t  t e n d s  t o  remain  
c o n c e n t r a t e d  a t  t h e  roo f  (1). T h i s  phenomenon, knob- a s  I z y e r i n g ,  has  been 
t h e  s u b j e c t  o f  many t h e o r e t i c a l  and p r a c t i c a l  s t u d i e s  ( 1 - 4 ) .  "As a  phenomenon, 
l a y e r i n g  depends on a  dimensionl-uss  combina t ion  of independent  v a r i a b l e s ,  such 
a s  v e l o c i t y ,  g r a v i t a t i o n a l  a c c e l e r a t i o n ,  d e n s i t y ,  d e n s i t y  d i f f e r e n c e ,  volume 
of  f l u i d ,  and w id th  o f  r o o f "  (L) . 
To b e t t e r  unders tand  l a y e r i n g ,  a  d imens ion l e s s  number u s ing  t h e s e  v a r i -  
a b l e s  has  been de r i ved  by Bakke and Leach (L) . For methane i n  a i r ,  i t  i s  
where L  = l a y e r i n g  number, d imens ion l e s s  ; 
U = v e n t i l a t i o n  v e l o c i t y ,  fpm; 
V = methane i n p u t ,  cfm; 
and D = wid th  of  l a y e r  (same a s  w id th  o f  t u n n e l ) ,  f e e t .  
Th is  number g i v e s  a n  e s t i m a t e  of t he  p r o p e n s i t y  t o  l a y e r .  The h ighe r  t h e  
l a y e r i n g  number, t h e  lower t h e  p r o b a b i l i t y  t h a t  l a y e r i n g  w i l l  o c c u r .  A h o r i -  
z o n t a l  e n t r y  w i t h  a  l a y e r i n g  number of 5 o r  more i s  g e n e r a l l y  cons ide r ed  s a f e ;  
t h a t  i s ,  l a y e r i n g  w i l l  no t  be a  problem. 
Although i t  i s  no t  r e l a t e d  t o  r oo f  c a v i t i e s ,  t h e  l a y e r i n g  e x p r e s s i o n  was 
a p p l i e d  t o  de te rmine  what v a l u e  o f  L  would cor respond  t o  s a f e  methane concen-  
t r a t i o n s  (below 5  p c t )  i n  t h e  c a v i t i e s  used i n  t h i s  s t u d y .  Q u i t e  o f t e n ,  a s  i n  
t h i s  i n v e s t i g a t i o n ,  t h e  p o i n t  of methane emi s s ion  i s  t h e  roof  o f  t he  c a v i t y .  
F i g u r e  15 i s  a  p l o t  o f  average  pe r cen t  methane i n  t h e  c a v i t y  v e r s u s  l a y e r i n g  
number f o r  a l l  t h e  t e s t s  r u n ,  bo th  i n  t h e  l a r g e  and sma l l  c a v i t i e s .  
The g r aph  shows t h a t  a s  L  i n c r e a s e s ,  t h e  methane c o n c e n t r a t i o n  d e c r e a s e s .  
The l a y e r i n g  number reached  20 b e f o r e  gas  c o n c e n t r a t i o n s  i n  t h e  c a v i t y  
approached s a f e  l e v e l s ;  however, i t  should  no t  be  assumed t h a t  t h e  l a y e r i n g  
number c a n  be used t o  de te rmine  methane accumula t ions  i n  c a v i t i e s .  I n  t h r e e  
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LAYERING NUMBER 
Layering number versus average 
methane concentration. 
comparisons shown i n  t a b l e  1, the re  i s  a d r a s t i c  d i f fe rence  i n  average methane 
concentra t ions  al though the  ca lcu la ted  layer ing numbers a r e  about the  same. 
TABLE 1. - Layering number and methane concentra t ion 
i n  57.3-cu-ft  c a v i t y  
The length  of a methane layer  extends from the  po in t  of emission t o  t h a t  
point  downstream i n  t h e  e n t r y  where t h e  methane i s  completely d ispersed.  For 
p r a c t i c a l  purposes, however, layer  length  i s  usua l ly  defined a s  the  d is tance  
from t h e  point  of methane emission t o  the  place a t  the mine roof where the  
mean concentra t ion i s  5 p c t .  Based on t h i s  d e f i n i t i o n  of layer  length,  no 
layer ing occurred i n  the  tunnel  downstream from the  cav i ty .  Figure 16 shows 
t h a t  the  h ighest  methane concentra t ion a t  the  roof was 4 p c t .  This was a t  the  
downstream edge of the  cav i ty ,  which was considered t o  be the  point  of methane 
emission i n t o  the  tunnel .  F i f t y  f t  downstream from the cav i ty ,  methane con- 
c e n t r a t i o n s  were l e s s  than 1 pct  a t  t h e  roof .  
Layering 
No. 
20.4 
20.2 
16.2 
16.2 
8 . 1  
8 .6  
CH, 'emission, 
cfm 
4 
.52 
8 
1 
8 
.25 
CH, i n  cav i ty ,  
p c t  
2.81 
.41 
6.19 
.78 
31.7 
2.34 
A i r  v e l o c i t y ,  
fpm 
600 
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600 
300 
306 
100 
FIGURE 16. - Methane concentrations at  roof 
of tunnel. 
D I S T A N C E  FROM CAVITY,  f t  
CONCLUSIONS 
Th i s  s t u d y  demonstrated t h a t  methane accumulates  i n  c o a l  mine roo f  c a v i -  
t i e s  i n t o  which methane f lows  from t h e  roof  r e g a r d l e s s  o f  t h e  a i r  v e l o c i t y ,  
and t h a t  t h e  methane c o n c e n t r a t i o n s  a r e  a  f u n c t i o n  of t he  a i r  v e l o c i t y  i n  t h e  
a i rway  below t h e  c a v i t y .  Higher a i r  v e l o c i t i e s  produce pronounced c i r c u l a r  
a i r  c u r r e n t s  i n  t h e  c a v i t i e s ,  which, i n  t u r n ,  reduce  t h e  methane concen t r a -  
t i o n s .  It was found t h a t  t h i s  v e l o c i t y  e f f e c t  i s  more impor tan t  i n  de t e rmin -  
i n g  t h e  methane c o n c e n t r a t i o n s  t h a t  w i l l  e x i s t  i n  a  c a v i t y  t h a n  t h e  r a t e  of 
f low of methane i n t o  t h e  c a v i t y .  This  c o n c l u s i o n  i s  suppor ted  by t h e  
layer ing-number t h e o r y .  Higher t h a n  normal l a y e r i n g  numbers a r e  needed t o  
m a i n t a i n  s a f e  methane c o n c e n t r a t i o n s  i n  a n  a i rway  i f  t h e  a i rway  has r o o f  
c a v i t i e s .  Higher l a y e r i n g  numbers can  most r e a d i l y  be o b t a i n e d  by i n c r e a s i n g  
t h e  a i r  v e l o c i t y  i n  t h e  a i rway .  It was a l s o  found t h a t  b r a t t i c e  hung i n  t h e  
c a v i t y  reduced  methane c o n c e n t r a t i o n s  w i thou t  a u x i l i a r y  v e n t i l a t i o n .  
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